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ABSTRACT 



[Abstract of the Disclosure] 

An apparatus for charging a battery of a portable electronic device connected to 
a computer by USB by receiving power from the computer through USB, the apparatus 
includes a control portion to generate charge control signals corresponding to a battery 
selected according to a battery selection signal that is externally input, and a charging 
portion to charge the selected battery according to the charge control signals from the 
control portion. According to the present invention, various types of batteries can be 
charged stably and efficiently by receiving power through USB in a method of charging 
various types of batteries included in the portable electronic device, such as lithium-ion, 
nickel metal hydride, or nickel cadmium, appropriate to their characteristics. 

[Representative Drawing] 
FIG. 7 
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SPECIFICATION 



[Title of the Invention] 

5 BATTERY CHARGER USING USB AND DIGITAL CAMERA HAVING THE SAME 

[Brief Description of the Drawings] 

FIG. 1 is a perspective view illustrating the front and upper surfaces of a typical 
digital camera; 

10 F,G - 2 is a rear view of the digital camera of FIG. 1 ; 

FIG. 3 is a view illustrating the configuration of the light incident side of the digital 
camera 1 of FIG. 1; 

FIG. 4 is a block diagram illustrating the overall structure of the digital camera 1 



of Fl 



o. ■; 



15 FIG. 5 is a perspective view illustrating a conventional mobile phone receiving 

power from a computer by USB; 

FIG. 6 is a block diagram illustrating a method of supplying power to the mobile 
phone of FIG. 5; 

FIG. 7 is a block diagram illustrating a battery charger using USB according to a 
20 preferred embodiment of the present invention; 

FIG. 8 is a block diagram illustrating the inner structure of the USB battery 
charger of FIG. 7; 

FIG. 9 is a circuit diagram of the charging portion of FIG. 7; 
FIG. 10 is a view illustrating a digital camera connected to a computer by USB 
25 according to a preferred embodiment of the present invention; and 

FIG. 11 is a block diagram illustrating the inner structure of the digital camera of 
FIG. 10 connected to the computer by USB. 

< Explanation of Reference numerals designating the Major Elements of the Drawings > 
30 71; USB battery charger 72: USB port of computer 

73: batter y 74: charging portion 

75: controlling portion 76: USB controller 

77: USB cable 78: main contro || er of portab | e electronic device 
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89: power converting portion 



[Detailed Description of the Invention] 
[Object of the Invention] 
5 [Technical Field of the Invention and Related Art prior to the Invention] 

The present invention relates to a battery charger using USB and a digital 
camera having the same, and more particularly, to a battery charger using USB 
installed in a portable electronic device, which is connected to a computer by USB and 
charges various types of batteries by receiving power from the computer through the 
10 USB, and a digital camera having the same. 

Recently, use of portable electronic devices such as digital cameras has grown 
rapidly. The digital camera is connected to a universal serial bus (USB) port to transfer 
photographed image files to a computer or other storage medium. Typically, the USB 
port includes a pair of data ports for data transmission and a pair of power ports for 
15 connection to a power supply. 

FIG. 1 is a perspective view illustrating the front and upper surfaces of a typical 
digital camera. FIG. 2 is a rear view of the digital camera shown in FIG. 1 

Referring to FIG. 1, a microphone MIC, a self-timer lamp 1 1, a flash 12, a shutter 
button 13, a mode dial 14, a function selection button 15, a photographing information 
20 display portion 1 6, a viewfinder 1 7a, a function block button 1 8, a flash light amount 
sensor 19, a lens portion 20, and an external interface portion 21 are arranged on the 
front and upper surfaces of a typical digital camera 1 . 

Referring to FIG. 2, a representative voice button 42, a speaker SP, a power 
button 31, a monitor button 32, an automatic focus lamp 33, a viewfinder 17b, a flash 
ready lamp 34, a display panel 35, a confirm/cancel button 36, an enter/play button 37, 
a menu button 38, a wide-angle zoom button 39w, a telephoto zoom button 39t, an up 
movement button 40up, a right movement button 40ri, a down movement button 40do, 
and a left movement button 40le are arranged on the rear surface of a typical digital 



25 



30 



camera 1 



FIG. 3 shows the configuration of the light incident side of the digital camera 1 of 
FIG. 1 . FIG. 4 shows the overall structure of the digital camera 1 of FIG. 1 . Referring 
to FIGS. 3 and 4, the overall structure of the digital camera 1 of FIG. 1 is described 
below. 
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An optical system OPS including the lens portion 20 and a filter portion 41 
optically processes light from an object to be photographed. The lens portion 20 of the 
optica, system OPS includes a zoom lens ZL. a focus ,ens FL, and a compensation lens 

5 When the user presses the wide-angle zoom button 39w of FIG 6 or the 

telephoto zoom button 39t of FIG. 2 included in a user input portion INP a signal 
corresponding to the pressed button is input to a microcontroller 512. Accordingly as 
the microcontroller 512 controls a lens actuating portion 510. a zoom motor M 2 is 
actuated to move the zoom lens ZL. 

10 nr p. T T I'" 6 ' POrti ° n 41 ° f ° PtiCal SySt6m ° PS mdudes an °P tic ^ 'ow pass filter 
OLPF which removes optica! noise at a high frequency and an infrared cut filter ERF 
which cuts an infrared component of the incident light. 

rMOQ " n ^eiectric converting portion OEC of a CCD (charge coupled device) or a 
v comp.e...entary metai-oxide-semtconductor) converts liaht from the nn«^ 
... - . „ a.-. e,_ L r„, a,.d,uy s:g.na,. A a,g,tai signal processor DSP 507 controls 
the operat.cn of the optoelectnc converting portion OEC and a CDS-ADC (correlation 
double sampler and ana.og-to-digita! converter) device 501 as an analog-to-diqital 
convening portion by controlling a timing circuit 502. The CDS-ADC device 501 
processes the analog signal from the optoelectric converting portion OEC by remove 
20 h,gh frequency noise and adjusting the amplitude thereof, to convert the processed ' 
analog signal to a digital signal. The digital signal processor DSP 507 processes the 
digital signal output from the CDS-ADC device 501 to generate a digital image signal 
divided into a brightness signal and a chrominance signal. 

An illumination portion LAMP operated by the microcontroller 512 includes the 
25 self-t,mer lamp 1 1, the automatic focusing lamp 33 of FIG. 2, and the flash ready lamp 
34 of FIG. 2. The user input portion INP includes the shutter button 13 of FIG 1 the 
mode dial 14 of FIG. 1 , the function selection button 15 of FIG. 1 , the function block 
button 18 of the FIG. 1 , the monitor button 32 of FIG. 2, the confirm/delete button 36 of 
FIG. 2 the enter/play button 37 of FIG. 2, the menu button 38 of FIG. 2, the wide-angle 

IT fc W ° f 2 ' te ' ePhOt0 Z °° m bUtt ° n 391 ° f RG - 2 < ^ ^ movement 

button 40up of FIG. 2, the right movement button 40ri of FIG. 2, the down movement 

button 40do of FIG. 2, and the left movement button 40le of FIG. 2. 
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The digital ,mage signal from the digital signal processor DSP 507 is temporarily 
stored in the DRAM (dynamic random access memory) 504. An EEPROM (electrically 
erasable programmable read only memory) 505 contains an algorithm and set data 
needed for the operation of the digital signal processor DSP 507. A user's memory 
card is detachably inserted in a memory card interface MCI 506. 

The digital image signal from the digital signal processor DSP 507 is input to an 
LCD driving portion 514 so that an image is displayed on the display panel 35 

The d.gital image signal from the digital signal processor 507 can be transmitted 
ma senal communication by a USB (universal serial bus) connection portion 21a or an 
RS2.2C interface 508 and a connection portion 21 b. The digital image siqnal can be ' 
transmitted as a video signal through a video filter 509 and a video output portion 21c 
An audio processor 513 outputs a voice signal from the microphone MIC to ^ 
a,S,lS ; S,9nai Pr ° CeSSOr DSP 507 or a se^er SP and an audio signal from the digital 
signal processor 507 to the speaker SP. The flash 1 2 is driven by the microcontroller 
\ ~ ~ ~ ~ -""= -' ! 1 accoramg tc the signal from the flash ngn: amount sensor 



Japanese Patent Publication No. 2001-125689 discloses a method and 
apparatus for supplying power to a portable electronic device using USB In the patent 
a secondary battery is charged by supplying power from a computer used as a hos^ to a ' 
mobile phone corresponding to a peripheral using a USB port. 

FIG. 5 is a view illustrating a conventional mobile phone receiving power from a 
computer by USB. FIG. 6 is a block diagram showing a method of supplying power to 
the mobile phone of FIG. 5. 

Referring to FIGS. 5 and 6, a mobile phone 61 is connected to a computer 62 by 
USB. That , Sl a USB connection port 63 of the mobile phone 61 is connected to a USB 
connection port 64 of the computer 62 by a USB cable 65. The computer 62 receives 
power from a typical AC power source 67, for example, 220 V AC, through a power 
cable 66. Alternatively, the computer 62 may receive power through an adaptor 68 
which converts AC power to DC power, for example, 5 V DC, used in the computer 62 

The connection between the computer 62 and the mobile phone 61 using the 
USB cable 65 is made by a pair of power ports and another pair of data ports The 
USB connection port 63 of the mobile phone 61 includes a regulator 631 and a USB 
controller 632. The regulator 631 converts the power 4.5 V and GND received from 
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the computer 62 to a voltage used in the mobile phone 61 and supplies the voltage to a 
battery management system 69 in the mobile phone 61 so that the power needed for 
he mobrle phone 61 to operate is supplied. The USB contro.ler 632 is connected to 
he USB connection port 64 of the computer to input and output the data D + and D- and 
to a main controller (not shown) of the mobile phone 61 

In typica. portable electronic devices, such as digital cameras, various types of 
batter.es such as nickel metal hydride (Ni-MH), nickel cadmium (N,-Cd), or ,ithl-ion 
(LHon) can be used, un.ike devices such as mobile phones using Li-ion batteries only 
The level of a charging voltage and a charging method are distinctively different 
according to the type of battery. Thus, appropriate charging conditions and methods 
must be applied according to the type of battery. 

However, in mobile phones, since a fixed voltage drop of the USB port using a 
genera, regulator is performed, charging is not performed according to the type of 
battery Thus, according to the method of charging only in the above simple voltage 
drop, the Li-ion battery may explode if the voltage thereof increases over a 
predetermined value, due to the characteristic of the Li-ion battery. 

[Technical Goal of the Invention] 

To solve the above and/or other problems, the present invention provides a 
battery charger using USB installed in a portable electronic device, which is connected 
to a computer by USB and can charge a variety of batteries by receiving power from the 
computer by USB, and a digital camera having the same. 

[Structure and Operation of the Invention] 

According to an aspect of the present invention, an apparatus for charging a 
battery of a portable electronic device connected to a computer by USB by receivinq 
power rom the computer through USB, the apparatus comprising a control portion to 
generate charge contro! signals corresponding to a battery selected according to a 

b t7H Se h f 0n Si9na ' that ^ eXtema,,y jnPUt ' ^ 3 Char ^ in 9 P° rtion to <*arge the 
selected battery according to the charge control signals from the control portion 

The charge control signals of the control portion are a charge start signal to 

enab.e output of the charging portion, a battery type signal to control an output voltage 

leve. according to the battery selection signal, and a charge voltage control signal and a 



6 



15 



20 



25 



30 



charge current control signal which are generated by receiving a charge current and a 

Totege V °' ta9e fr0m Char9i ° 9 POrti ° n t0 C ° ntr °' CharQe CUrrent and the char S e 
The control portion is a main controller of the portable electronic device 
■ According to another aspect of the present invention, a digital camera connected 

to a computer by USB to charge a battery by receiving power from the computer 
through USB, the digital camera comprising a USB charger including a USB controller 
to transmit and receive data through a USB port of the computer, a control portion to 
generate charge control signals corresponding to a battery selected according to a 
battery selection signal that is externally input, and a charging portion to charge the 
selected battery according to the charge control signals from the control portion a 
chargmg port,on to charge at least one among the various types of batteries, a control 
portion to control a charging operation of the charging portion, a main controller to 
transmit and receive data with the USB controller, and a power converting portion to 
recede power from the battery that is charged by the charger and generate and output 
power having a plurality of voltage levels. 

The charge control signals of the control portion are a charge start signal to 
enable output of the charging portion, a battery type signal to control an output voltage 
level according to the battery selection signal, and a charge voltage control signal and a 
charge current control signal which are generated by receiving a charge current and a 
charge voltage from the charging portion to control the charge current and the charge 
voltage. y 

Preferred embodiments of the present invention will now be described with 
reference to the attached drawings. 

FIG. 7 is a block diagram illustrating a battery charger using USB according to a 
preferred embodiment of the present invention. FIG. 8 is a block diagram illustrating 
he inner structure of the USB battery charger of FIG. 7. FIG. 9 is a circuit diagram of 
the charging portion of FIG. 7. 

Referring to FIGS. 7, 8, and 9, a USB battery charger 71 mainly includes a 
chargmg portion 74 and a controlling portion 75. The USB battery charger 71 charges 
a battery 73 of a portable electronic device, which is connected to a computer by USB 
by receiving power from the computer by the USB. 
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I .« ~ * IT* CharQer 71 IS Connected to a U SB port 72 of the computer by a 

Unas 5 V and GND and a pa.r of data connection lines + D and -D, like a typical USB 
caDI©. 

' install^ H ha T 9 ^ Char9eS am ° ng Vari ° US ^ 6S ° f batteri ^ which is 

installed and preferab.y controlled by the control portion 75 while being connected to the 

control port,on 75 and transceMng various signals therebetween. However the 
charging portion 74 can be configured without the control portion 75 according to the 
structure of a circuit portion constituting the charging portion 74 

The control portion 75 is connected to a main controller 78 of the portable 
electronic device and receives a battery selection signal through the main controller 78 
The battery selecfcon signal can be input by a user or recognized by a battery 
recognition apparatus which is additionally provided. 

The control portion 75 connected to the charging portion 74 controls a charging 
operation of the charging portion 74. Alternative the main contro.ler 78 of the 
portable electronic device, to which the USB battery charger 71 is connected can be 
used as the control portion 75. 

A USB controller 76 connected to the computer USB port 72 by the USB cable 
77 controls the input/output of data D + and D- between the main controller 78 of the 
portable electronic device and the computer. For a digital camera, obtained image 
data can be transmitted between the computer and the digital camera The batterv 73 

so th 9 a : r y th : u h f B r ery charger 71 supp,ies power to *• " 

so that the portable electronic device can operate using the power 

Various input and output ports are formed in each of the control portion 75 and 
^charging portion 74 so that various signals are transmitted between the control 
portion 75 and the charging portion 74. The control portion 75 receives a detected 
charge voltage, a detected charge current, a reset signal, and control portion power 
from he charging portion 74. The charging portion 74 receives a charge start/end ' 

Z" ^ ' nUmber Si9nai ' 3 **** ^ ^ and a charge current/voltage control 
signal from the control portion 75. 

The control portion 75 outputs the charge start signal and the battery type signal 
to the charg.ng portion 74 to initiate charging of the battery 73. Also, the control 
port.on 75 receives the detected charge current and the detected charge voltage from 
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the charging portion 74 and generates a charge voltage control signal and the charge 
current control signal to be output to the charging portion 74. Thus, the charging 
portron 74 charges the battery 73 according to the type of battery installed 

tADO C ° ntr01 P0 ' ti0n 75 Preferably ' nClUdeS at leaSt one «nalog-to-digital converter 

' Ch! " 3,13109 ^ de ' eC,ed Char96 VOl,aae and d ~ ^rge current 

from the charging portion 74 and process the same in the control portion 75 

nort, J hB nT T°" 75 Pre,Srab ' y inC ' UaeS 3 "'"^ °< input/output (I/O) 

ports to output the charge sfart/end signal, the call number signal, and the battery type 

Z ', ; C ° n,rol P0,ti0n " Pre,erably inC,Udes a «"» -oduiation and 
d^ to-anatog converter (PWM/DAC, to receive and process the detected charge 
vottage and «he detected charge current from the charging portion 74 and outputs *e 

TSet V °^Z Si9na ' and Char9G ^ COn,r °' Si8na ' ,C 3 VSET <*>« «* 
an loET port of the charging portion 74. 

V J 1 ? 6 ""' C ° ntr °' POrti ° n 75 ° PerateS bV reC6ivin9 P° wer throu 9n a power port 
Vdd, wh.ch ,s generated by receiving USB input power from a linear regulator LDO of 

the charging portion 74 shown in FIG. 9, and charging a voltage .eve. of the USB input 
power, and output through a power output port VL. 

ct wn h r rdin9 t0 Pr6Sent inVenti ° n ' 8 baWery in 3 portab,e e,ectronic device is 
charged by receiving power, through USB, from a computer that is a host Thus the 

battery can be charged anywhere there is the computer, without a charger using regular 

Various types of batteries, such as lithium-ion, nickel metal hydride, or nickel 
cadm,um can be charged stably and efficiently by receiving power through USB in a 
method of charging various types of batteries included in the portable electronic device 
appropnate to their characteristics. 

nortinn^lT 9 * " & ° ^ **** 71 ° f F,G " 8 inc,udes charging 

portion 74 and receives USB input power, for examp]e, 5 V in the present preferred 

embodiment and generates a constant voltage output of 3.3 V to charge the battery 73 

The battery 73 may be one of the various types of batteries, such as nickel metal 

hydnde, mckel cadmium or .ithium-ion, and can be charged by the charging portion 74 

m an appropnate condition according to the battery type 

h !T 9in9 POrti ° n 74 Preferab,y haS three b, ° cks lnc,udin 9 a '^ar regulator 
(low dropout ..near regulator (LDO)) 741, a reference voltage generating portion 742, 
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3 V „« !f tk ^ ^ " near re9Ula,0r 741 iS a linear having a 

« V output VL. Tha output VL is used as powar for tha control portion 75 or other 
dev,ces and tha output port of VL has a function of prevanting short-cirouit 

The reference voltage generating portion 742 detects and supplies a more 
5 accurate voltage to charge a lithium-Ion battery which can possibly explode The 

v^™ C 7°" a9e . 9enera " n9 P0f,iOn 742 Can " e embodied in a ™ n ™ of distributing a 
voltage ,nto an mtemal 2% 20K resistor and an external resistor Rvset This is 

important for the life span of the lithium-ion battery and optimal capaciiy 

74 n J^\7 te9 , e/ :; U,Ten, re9Ula '° r - ' S ^ dely diStnbu,ed in *• <*^"9 portion 
74. preferably .ncludes an attenuator, a current sense amplifier (CSA). a voltage 

regulation loop compensator (CCV). and a cuman. regulation loop compensator (CCI) 

™-d„, eXterna " y S6tS ' he nUmber ° f cells of battertes input through a 

dlT H ^ L2 ^ C ° n,rol P ° rti0n 75 ' The — ' -"pLtor 

loa^rTT ^ ba " ery ,r0m a " eX,ema ' ~ R - a " d - externa, 

loaa res.stor R ISET to perform various operations with other function blocks The 

charge oun-ant is determined by the detection resistor Rc s and the load resistor R, SET 

Each of the voltage regulation loop compensator and tha current regulation loop 

compensator forms a separate loop to individually compensate for voltage and current 

by us,ng externa, capacitors C1 and C2 connected to CCV port and CCI port 

respective^, so that a charge can be stably perfomted. Each of the loops is completed 

^ ^ " * ^ (TR > ~"™^ 

„ p^" d ° S " arS PWtS '° deteCt ° Urrent ' DC,N is a P° rt <° r ««ive USB input 
power BATT ,s a battery power output port, ON is a port to receive a charge sta^end 

bT' T h r T porBon 75, ceu2 is a port '° ~— ™*« in^T 

battery to be charged, and OFFV is a port to receive the battery type signal 

FIG 10 ,s a view illustrating a digital camera connected to a computer by USB 
accordmg to a preferred embodiment of the present invention. FIG 1 1 Is a block 

iTutei'bytsB 9 ^ ' nner S,mC,Ure di9te ' " ° f F ' G - 10 ~~ <° •» 

Refe ™9 toF| GS.10and11,adigitalcamera8havingtheUSBbatterychamer 
^ connected to Ote computer 62 by USB to charge the battery 73 by race IvTn power 
from the computer 62 through a USB cable and Includes the USB battery charger 71, 
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the mam controller 78, and a power converting portion 89. Since the constituent 
e ements paving the same reference numbers as those described with reference to 
FIGS. 7 through 9 are the same constituent elements and have the same functions 
detailed description thereof will be omitted. 

' 74 , JIT USB t b ? ttery Char9er 71 inC ' UdeS USB COntr ° i,er 76 ' the Urging portion 
74. and the contro. portion 75. The USB controller 76 transmits and receives data 

through the USB port of the computer. The charging portion 74 charges at .east one of 

r ries - The contr °' ^ 75 — - — z 

The main controller 78 controls the overall operation of the digital camera 8 by 
transce.vmg data with the USB controller 76. The power converting portion 89 
receives power from the battery 73 charged by the USB battery charger 71 and 
generates and outputs power having a plurality of voltage levels 

The P««r converting portion 89 includes a regulator 891 and a DC/DC converts 
892 to generate voltages having various levels neede. b y the digital camera 8. Power' 
generated from the power converting portion 89 is supplied to various portions needing 
power such as a power supp.y portion 91 for a main contro.ler 78, an LCD driver 92 a 
motor dnver 93, a DC/DC converter 94, and a CCD driver 95. 

[Effect of the Invention] 

As described above, according to the USB battery charger and the digital camera 
havtng the same according to the present invention, a batte^ in a portable eLr" 
dev.ce ,s charged by receiving power, through USB, from a computer that is a host 
Thus, the battery can be charged anywhere there is the computer, without a charger 
using regular power. «>arger 

Also, various types of batteries can be charged stably and efficiently by receivina 
power through USB in a method of charging various types o, batteries included n me 
portable electronic device, such as lithium-ion. nickel metal hydride, or nickel cadmium 
appropriate to their characteristics. 

While this invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art that 
venous changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims 
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What is claimed is: 



connecL , Cha ' gi " 9 * ***** ° f 3 POr,able ete <*°™ device 

connected to a computer by USB by receiving power from the computer through USB 
the apparatus comprising: "'iuugn u&b, 

' sale* h COnlTO ' POrlfon '° 8ererate «»W Sisals corresponding to a battery 

selected according ,o a battery seiection signal ,ha, is externally input- and 

2. The apparatus as claimed in claim 1 . wherein the charge control signals of 
.he con ro, portion are a charge start signa, to enable output of the charging port on a 
badery type Signal ,o control an output voltage leve, according to the badery 

Z^ZT^fZT 01 S ' 9na ' 8 *"» CUrren * "™ are 
. „, .e_,v„ iy a charge current and a charge voltage from the -h^-r 

to control the charge current and the charge vcitage. " 

mntr .f" f aPParatUS 33 daimed in c,aim 1 • wherein the control portion is a main 
controller of the portable electronic device. 

4. A digital camera connected to a computer by USB to charge a batterv bv 
rece^ng power from the computer through USB, the digit,, camera compr" ing ^ " 

USB port cH^ T C,Udin9 3 COntr0 " er t0 tranSmjt and ™ da ta through a 

USB port of the computer, a control portion to generate charge control signals 

corresponds to a battery selected according to a battery selection signal that is 
externally .put and a charging portion to charge the selected battery accord g to the 
charge control signals from the control portion; 9 

a charging portion to charge at least one among the various types of batteries- 
a control portion to control a charging operation of the charging portion- 
a main controller to transmit and receive data with the USB controller and 
thP nh 3 POWer ;° nVertfn 9 P° rtion to ^eive power from the battery that is charged by 
the charger and generate and output power having a plurality of voltage levels 
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5. The digital camera as claimed in claim 4, wherein the charge control 
s-gnals of the control portion are a charge start signal to enable output of the charging 
portion, a battery type signal to control an output voltage level according to the battery 
selection signal, and a charge voltage control signal and a charge current control signal 
wh,ch are generated by receiving a charge current and a charge voltage from the 
charging portion to control the charge current and the charge voltage 



13 



FIG. 3 



OPS 



FIG. 4 




16 



i 

I 



FIG. 5 




FIG. 6 



64 




63 631 

v / 

1 1 




69 

i 


\ 






> 




\ 






+4.5V 






+3.7V 


BATTERY 
MANAGEMENT 






GND 




REGULATOR 


GND 














SYSTEM 


PC 










i 








0+ 














D- : j 




USB 
CONTROLLER 






i 








— 632 




J 

62 




1 







61 



17 



FIG. 7 




18 



FIG. 8 



CJ 

o 
< 



Si 

Op 

O °- Q o 

S < 

Q Q 

S 9 o | § £ g 

— "-a- o. < > 



Hi- 





— ! ii. UJ LU 

g O 2 * 



& 
5: 

Cl 



CD 



O 



Z5 
CL 



19 



FIG. 9 
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